Bacterial variation has been studied by a number of workers and it is now a well established observation that avirulent variant cultures can be obtained from a number of microorganisms. Virulent cultures usually form smooth colonies on agar and avirulent variants are distinguishable by the rough appearance of their colonies. In the case of hemolytic streptococci, however, it has been shown (1) that these relations are reversed, that smooth colonies characterize an avirulent culture and that the rough form of colony indicates that a culture is either actually or potentially virulent. To avoid confusion, which might arise from this unusual relationship between virulence and colony form, the virulent type of colony has been designated the "matt" form and the avirulent type has been called the "glossy" form. A matt culture may be either virulent or attenuated but its virulence can always be enhanced by animal passage.
A number of matt strains of hemolytic streptococci were subjected to mouse passage; and in the course of these experiments two strains were encountered, both derived from cases of puerperal septicemia, which became progressively less hemolytic on blood agar as they were passed through a series of mice. One of these strains retained some hemolytic power after thirty mouse passages but the other strain ffIenson) was completely deprived of its hemolytic properties by passage through five mice. At first the non-hemolytic passage culture was rejected on the theory that it arose from cont~trnlnation in the peritoneal cavity but it was subsequently found that this strain could always be rendered non-hemolytic by passage through a few mice. Young colonies of the passage culture, which were opaque, greenish in color and non-hemolytic, did not affect the blood cells in the agar surrounding the colonies; but older colonies were surrounded by a narrow green zone. This non-hemolytic culture was passed through 74 mice and the peritoneal washings and hearts' blood of the mice were plated out daily on blood agar but the colonies remained completely non-hemolytic throughout the experiment. In contrast to this result the hemolytic character of the glossy variant of the same strain remained unaltered after passage through thirty mice.
The non-hemolytic culture was reverted to the hemolytic form by continued daily subcultivation on artificial media. Twenty transfers in broth caused the reappearance of a distinct halo of hemolysis around each colony but the degree of hemolysis remained subnormal until the culture had been transferred in broth 150 times. After this large number of transfers the culture was partially converted to the glossy state and two forms of colonies now appeared on blood plates, the matt form which was moderately hemolytic and the much more hemolytic glossy form. Broth cultures of the two forms were obtained by selecting suitable colonies and the passage of these two cultures through mice confirmed the previous experiments--the matt form became non-hemolytic but the glossy form retained its hemolytic properties.
It will be seen from the above description that three forms of the same strain, showing different degrees of hemolysis, were available:
1. The original matt culture was moderately hemolytic on blood agar and was avirulent for mice. (~.L.D. 0.5 cc.) 2. The glossy avirulent form, derived from the original culture by long continued subcultivation on artificial media, was much more hemolytic than the original form and its hemolytic properties were unaltered by mouse passage. (~.LD. 0.5 cc.)
3. The non-hemolytic form, obtained from the original culture by mouse passage, was moderately virulent. (M.L.D. 0.00001 CC. after 47 passages.) Long continued subcultivation of this form caused it to revert to a mixture of the other two forms.
The Effect of Reduced Oxygen Tension on the Hemolytic Properties of
Three Forms of Streptococcus haemolyticus.
The effect of reduced oxygen tension on the three forms of culture was investigated. Colonies of the passage culture were completely non-hemolytic when freely exposed to oxygen on the surface of blood agar plates; but hemolysis became evident when the supply of oxygen was diminished by growing the culture in blood broth or in the depths of blood agar. When oxygen was more completely excluded, by cultivation in an anaerobic jar, the passage culture, and the original culture, both formed hemolytic colonies on the surface of blood agar 3riginal culture.. and the zones of hemolysis surrounding colonies of the two cultures were almost equal in circumference. Table I gives the degree of hemolysis of the three forms of the same strain, on the surface of blood agar plates in air, on the surface of anaerobic plates and in the depths of blood agar.
Reed, Orr and Campbell (2) have shown that the filtrate from a culture of B. weichii has greater hemolytic activity on a suspension of reduced blood cells than on a similar suspension of oxygenated cells. The following experiment was done to determine whether the hemolytic activity of the passage culture of Strain Henson, which only appeared under anaerobic conditions, was due to the effect of diminished oxygen tension on bacterial metabolism or to the reduced state of the blood ceils.
A 5 per cent suspension of rabbits' washed red blood cells in salt solution was divided into two parts, both of which were sealed with paraffin oil; one portion was reduced by passing hydrogen through the suspension for an hour and the other part was oxygenated by similar treatment with air. Hemolysin was prepared by filtering a culture of the original form of Strain Henson after 10 hours incubation; progressive dilutions of the filtrate in infusion broth were divided into two parts so that two sets of serial dilutions (volume 0.5 cc.) were obtained and, after all the tubes had been sealed with paraffin oil, 0.5 cc. volumes of reduced cells were added to one set of dilutions with a capillary pipette and the same amounts of oxygenated cells were added to the other series. Readings were taken after the test had been incubated for 1 hour and the results, which are recorded in Table II , showed that the hemolysin was equally active on reduced cells and on oxygenated cells.
No steps were taken to exclude oxygen from the dilutions before the addition of the cells but, as the reduced cells retained their characteristic cherry-red color throughout the test, the conditions were considered satisfactory. McLeod and Gordon (3) showed that peroxide is formed in broth cultures of pneumococci and Avery and Morgan (4) demonstrated that the quantity of peroxide formed depends on the surface area of broth exposed to the air. They found that strongly positive peroxide reactions could be obtained when a broth culture was incubated in a shallow layer allowing free access of oxygen, that deep broth cultures, with only a small surface area, produced smaller amounts of peroxide and that anaerobic cultures did not form any peroxide. They also examined twenty-three strains of hemolytic streptococci and found that fifteen of these strains produced peroxide when grown in shallow layers of broth. The observations of Avery and Morgan run parallel to those already recorded in this paper--free exposure to air, a condition which is necessary for the accumulation of peroxide, prevented the formation of hemolysin by our passage strain of hemolytic streptococcus; conversely anaerobic conditions, which prevent the formation of peroxide, were necessary for the production of hemolysin.
The following experiment was done to see if any connection could be established between the formation of hemolysin and peroxide in shallow broth cultures of hemolytic streptococci freely exposed to air. Three 2 liter Erlenmeyer flasks, each containing 50 cc. of infusion broth to which 20 per cent of normal horse serum had been added, were sown with 0.2 cc. of young cultures of the three forms of hemolytic streptococcus (Strain Henson) and placed in the incubator together. Samples of culture were removed from the three flasks at intervals and tested for peroxide by the potato-benzidine reaction; periodical titrations of hemolysin were aiso made by centrifuging samples of the cultures and testing the supematants against a 5 per cent suspension of washed rabbit cells. The results of this experiment are given in Chart 1.
The original culture of Strain Henson (II on chart) formed a moderate amount of hemolysin which first appeared after 6 hours incubation and disappeared after 23 hours; the disappearance of hemolysin was immediately followed by the appearance of peroxide for the first time.
The passage culture of Strain Henson (I on chart), which was nonhemolytic, when freely exposed to oxygen on the surface of blood agar, produced less hemolysin in broth than either of the other cultures; and a comparison of the three curves brings out two points which demonstrate this relative weakness in hemolytic power, (1) the low hemolytic titer, and (2) the fact that hemolysin appeared later and disappeared earlier from this culture than from either of the other cultures. This deficiency in hemolysin production was associated with the ability to produce more peroxide than either of the other cultures; but it is interesting to note that peroxide and hemolysin did not appear in the culture at the same time and that the disappearance of hemolysin was immediately followed by the rapid accumulation of peroxide.
The supernatant fluid from a centrifuged culture of the glossy variant (III on chart) gave the highest titer and longest duration of hemolysin; and peroxide, which was absent until the hemolysin had vanished, did not appear until the culture had been incubated for 29 hours.
Each of the three curves shows that peroxide and hemolysin did not occur simultaneously in the same culture.
Avery and Neill (5) have shown that hemotoxin is inactivated in cultures of pneumococci by the oxidizing action of peroxide; and their observations, coupled with the result of the experiment described above and also with the observation that the passage culture of Strain Henson was non-hemolytic in air but hemolytic under anaerobic conditions, suggested that the disappearance of hemolysin from cultures of hemolytic streptococci was also due to oxidation.
Is the Rate of Disappearance of Hemolysin Increased by Oxygenation of the Medium?
T h e following e x p e r i m e n t s show t h a t t h e d i s a p p e a r a n c e of h e m o l ysin from c u l t u r e s of h e m o l y t i c s t r e p t o c o c c u s is n o t influenced b y o x y g e n a t i o n .
Experiment A.--Two cultures of the original form of Strain Henson were grown in 10 cc. of infusion broth containing 20 per cent normal horse serum--in one case the culture was made in a test-tube so that only a small area of broth was in contact with the air; in the other case the same volume of broth was placed in a 250 cc. Erlenmeyer flask forming a very shallow layer with a large area exposed to the atmosphere. Hemolysin was titrated after 6 hours incubation and again 
Showing that the Hemolytic Titer of a Culture of Streptococcus lwmolyticus is not
Influenced by the Surface Area of Broth Exposed to the Air. Table I I I shows that the different degrees of aeration in these two cultures did not cause any difference either in the titer of hemolysin or in the rate of its disappearance.
Experiment B.--Two cultures of the glossy form of Strain Henson were grown in shallow layers of broth in 250 co. Erlenmeyer flasks; one flask was incubated in the air and the other in an anaerobic jar. Samples from the aerobic culture were tested for hemolysin at frequent intervals and as soon as the tests became negative the anaerobic jar was opened and the second culture was found to be free from hemolysin.
Experiment C.--A hemolytic filtrate, obtained from the glossy form of Strain
Henson, was divided into two parts; one part was incubated anaerobically for 24 hours and the other part was incubated for the same time in air. Hemolysin had completely disappeared from both portions of the filtrate after 24 hours incubation.
H ' E M O L Y T I C S T R E P T O C O C C I
The following experiments (D and E) were done to see if the addition of the reagent hydrogen peroxide to an actively hemolytic filtrate would reduce the hemolytic titer b y oxidizing the hemolysin.
Experiment D.--Various quantities of hydrogen peroxide ranging from a dilution of 1 in 20 to a dilution of 1 in 2,000 were added to aliquot parts of a filtrate, prepared from a culture of the glossy variant of Strain Henson, and broth controls containing the same quantities of hydrogen peroxide were set up at the same time. After standing at room temperature for an hour the mixtures were tested for hemolysin and for peroxide. Table I V that hydrogen peroxide did not alter the titer of hemolysin.
Experiment E.--The last experiment was repeated with the following modifications: Two 25 cc. volumes of hemolytic filtrate from the glossy variant of Strain Henson were placed in flasks and the same amount of broth was placed in a third flask. Equal quantities of hydrogen peroxide, making a dilution of 1 in 100, were added to one flask of filtrate and to the control broth. The three flasks, contain-ing respectively, (1) untreated filtrate, (2) the same filtrate with the addition of hydrogen peroxide and (3) broth similarly treated with hydrogen peroxide, were then incubated at 37°C.; and the hemolytic titer of each specimen was tested at intervals of 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours and 23 hours. Peroxide tests were frequently made during the course of this experiment and the supply of peroxide was replenished on the two occasions when these tests gave negative results.
Periodical titrations demonstrated a gradual fall in the hemolytic power of the two filtrates b u t the rate of disappearance of hemolysin was not affected b y the addition of peroxide as the falling titers ran parallel up to the 23rd hour when hemolysin had disappeared from both specimens.
E$periment F.--In this experiment, which again shows that peroxide does not destroy the hemolysin of hemolytic streptococci, a peroxide of bacterial origin was used instead of the reagent hydrogen peroxide. A culture of a microorganism, resembling Micrococcus tetragenus, which was known to produce large quantities of peroxide, was incubated in infusion broth containing 20 per cent of normal horse serum for 30 hours; it was then filtered and the filtrate, which gave a strongly positive peroxide reaction, was divided into two parts. The peroxide was removed from one portion of filtrate by adding a small quantity of washed blood ceils; and, after removal of the blood by centrifuging, the filtrate which now gave a negative peroxide reaction, was used to control the original filtrate.
A hemolytic filtrate, prepared in the usual way from the glossy variant of Strain Henson, was used to make the following mixtures:
(1) 5 cc. hemolytic filtrate + 5 cc. broth.
(2) 5 cc. hemolytic filtrate + 5 co. tetrad filtrate (bacterial peroxide). (3) 5 cc. hemolytic filtrate + 5 cc. control tetrad filtrate (no peroxide). (4) 5 cc. tetrad filtrate (bacterial peroxide) Jr 5 cc. broth. The hemolytic titer and the peroxide content of these mixtures were determined immediately and a second series of observations was made after they had been incubated at 37°C. for 1 hour.
Table V which gives the result of the experiment shows t h a t the hemolytic titer remained unaffected b y the bacterial peroxide.
T h e results of the experiments described in this section a p p e a r to indicate t h a t the disappearance of hemolysin from cultures of hemolytic streptococci is not due to oxidation.
The Influence of ply on the Disappearance of Hemolysin from Cultures of Hemolytic Streptococci.
I t is an old observation t h a t hemolytic streptococci form nonhemolytic colonies on the surface of blood agar plates which contain glucose; and the following experiments were undertaken to determine the influence of p H on the rate of disappearance of hemolysin from cultures of hemolytic streptococci in broth.
T A B L E V.

Showing that the Hemolysin of Streptococcus kaeraolyticus is not Destroyed by
Bacterial Peroxide. Two flasks, containing respectively 20 cc. of plain infusion broth and 20 cc. of the same broth to which 1 per cent of glucose had been added, were sown with equal quantities of a young broth culture of the variant form of Strain Henson and were then placed in the incubator together. The hemolytic titer and the pH of samples from the two flasks were determined at intervals; and it will be seen from the two curves (I and II, Chart 2) that, in the culture which developed the larger quantity of acid owing to the fermentation of glucose, hemolysin appeared slowly, attained only a low titer and disappeared rapidly in comparison with the hemolysin of the less acid culture.
T h e next experiment shows t h a t an acid reaction increases the rate at which hemolysin disappears from a filtrate.
A hemolytic filtrate (pH 7.4) was divided into two parts; the reaction of one N part was adjusted to pH 8.0 by the addition of ~ NaOH and the two portions were then placed in the incubator together. The hemolytic titers of the two portions of filtrate were determined before incubation, after 2½ hours incubation at 37°C. and again after a further 17½ hours at room temperature. Table VI shows that the portion of filtrate which was adjusted to pH 8.0 retained its hemolysin longer than the untreated filtrate. Chart 3, which represents the result of a similar experiment, shows the rate of disappearance of hemolysin from two portions of a hemolytic filtrate which were kept in the ice box at 2°C. The portion of filtrate which was adjusted to pH 8.0 again retained its hemolysin longer than the untreated filtrate.
These experiments indicated that the rate of disappearance of hemolysin from cultures, and from filtrates, was dependent, to some extent, on the reaction of the medium; and observations were therefore made to see whether the passage culture, which was non-hemolytic when exposed to air, produced more acid than the hemolytic glossy variant of the same strain. Shallow broth cultures of the two forms of Strain Henson which had been incubated long enough to produce the maximal quantity of hemolysin (6 to 8 hours) were filtered and the pH of the filtrates was determined: sometimes hemolytic filtrates from the glossy variant were more acid than hemolytic filtrates from the passage culture and, although slight differences of pH were usually found apparently due to the varying number of cocci which developed in the cultures, the reactions were always approximately equal and 
Showing the Relation between the pH of a Filtrate and tke
The Cultivation of Different Forms of the Same Strain in Symbiosis.
The following experiments show the hemolytic titer of symbiotic cultures of the hemolytic and non-hemolytic forms of Strain Henson.
Three tubes of infusion broth, containing 20 per cent of normal horse serum, were sown in the following manner with young overnight cultures of the hemolytic and of the non-hemolytic forms of Strain Henson.
Tube 1 received 0.2 cc. of the non-hemolytic culture. Tube 2 received 0.2 cc. of the hemolytic culture.
Tube 3 received 0.1 cc. of the non-hemolytic culture and 0.1 cc. of the hemolytic culture. Ample oxygenation was assured by bubbling oxygen through the three cultures during the whole period of incubation which was continued for 5½ hours. The hemolytic titer of the three filtrates obtained from these cultures is shown in Table VII .
The pure culture of the hemolytic form contained hemolysin but the other two cultures contained no hemolysin.
The absence of hemolysin from the symbiotic culture might be explained by at least two hypotheses: (1) that the non-hemolytic form produced some substance in the presence of oxygen which not its own hemolysin but was also capable of destroying only destroyed the hemolysin of the glossy variant; (2) t h a t the non-hemolytic cocci suppressed the multiplication of the hemolytic cocci.
To investigate the latter possibility various dilutions of the symbiotic culture were plated out on the surface of blood agar and incubated in the presence of oxygen; the number of hemolytic and of non-hemolytic colonies which developed on the plates showed that the two forms had multiplied at approximately the same rate, as 65 per cent of the 509 colonies counted were hemolytic. Differential counts of hemolytic and non-hemolytic colonies were facilitated by the characteristic translucence of the glossy hemolytic colonies and by the equally characteristic opacity of the non-hemolytic matt colonies. Table VIII gives the result of a similar experiment with the same strain of hemolytic streptococcus; but the conditions were modified by omitting the oxygenation of the cultures and by substituting cultivation in very shallow layers of broth. Three 2 liter Erlenmeyer flasks, each containing 10 cc. of serum-infusion broth, were sown with the same volumes of hemolytic and of non-hemolytic cultures as in the previous experiment; and after 5½ hours incubation the cultures were centrifuged and the quantity of hemolysin in the supernatant fluids was determined.
It will be seen from Table VIII, first that the non-hemolytic culture formed some hemolysin in this experiment, possibly due to imperfect oxygenation, second that the glossy variant was actively hemolytic, and, third that the symbiotic culture contained little more hemolysin than the pure culture of the non-hemolytic form. Differential counts showed that the symbiotic culture contained more than 50 per cent of hemolytic cocci.
T h e n e x t e x p e r i m e n t was
Two shallow layers of serum-infusion broth were sown with 0.2 cc. and 0.1 cc. of a culture of Strain $43 respectively; to the second was also added 0.1 cc. of a culture of the non-hemolytic form of Strain Henson. After 6 hours incubation the cultures were filtered and titrated for hemolysin content, as shown in Table  IX .
Differential counts showed that the symbiotic culture contained 45 per cent of hemolytic cocci; a proportion which was not represented by the hemolytic titer It was difficult to compute the quantity of hemolysin which might be expected to develop in a symbiotic culture if the non-hemolytic fraction of the mixed culture was inactive; and in order to gain some information on this point, and at the same time to reinforce the evidence already obtained that the destruction of hemolysin was not due to oxidation by peroxide, symbiotic cultures, composed of mixtures After 5½ hours incubation the cultures were tested for peroxide and then filtered immediately; Table X gives the quantities of hemolysin which the five filtrates contained. All the cultures gave negative peroxide tests with the single exception of the pure culture of Streptococcus viridans which gave a faintly positive potatobenzidine reaction.
The hemolytic form of Strain Henson produced, as usual, a good hemolytic filtrate; the .culture of Streptococcus viridans, and also the culture of the nonhemolytic form of Strain Henson, produced no hemolysin. The hemolytic titer Differential counts on both the symbiotic cultures showed that the rate of multiplication of the hemolytic cocci and of the non-hemolytic cocci was approximately the same in each case.
These experiments tend to show t h a t the non-hemolytic form of Strain Henson when cultivated in symbiosis with hemolytic cocci not only destroys its own hemolysin in the presence of oxygen, b u t also destroys the hemolysin of the associated hemolytic cocci.
Unfortunately more conclusive evidence of the destruction of hemolysin by the non-hemolytic form of Strain Henson was not obtained. Filtrates, prepared from the hemolytic form and from the non-hemolytic form, were mixed in equal proportions and a control was prepared by mixing together the same volumes of hemolytic filtrate and broth. Periodical titrations of these two mixtures showed that, when the pH was adjusted to the same level, hemolysin disappeared from the two mixtures at approximately the same speed.
Cultivation of the non-hemolytic forms in hemolytic filtrates did not give any further information, as the alteration of pH by the metabolism of the cocci was sufficient to cause hemolysin to disappear from the culture more rapidly than from the sterile control filtrate.
It is therefore uncertain whether the non-hemolytic form destroys the hemolysin formed by hemolytic streptococci or whether it produces conditions in the medium which prevent the formation of hemolysin. DISCUSSION. A number of workers have reported the mutation of Streptococcus h~molyticus to Streptococcus viridans by animal passage. A similar change is recorded in this paper; but in this instance the loss of hemolytic activity was conditional on ample oxygenation and the o~ganisms retained their hemolytic power in the absence of oxygen. It is probable that some of the previously reported "mutants" were also modified forms of hemolytic streptococci which, although they formed green colonies on blood agar, were possibly distinguishable from typical strains of Streptococcus viridans by their hemolytic activity in anaerobic culture.
The hemolytic streptococci, modified by animal passage, produced less methemoglobin on blood agar than typical green streptococci; and it would have been difficult to decide, on this criterion alone, whether they should be classified as green streptococci or as indifferent streptococci. The passage culture reverted to the hemolytic form after prolonged subcultivation on artificial media; and this reversion, coupled with the fact that the culture was always hemolytic in the absence of oxygen, served to identify the organism as a modified form of Streptococcus ha~raolyticus.
The passage culture produced more peroxide than either of the hemolytic forms of the same strain; and an attempt was therefore made to establish a causal relationship between the accumulation of peroxide and the disappearance of hemolysin. Periodical observations on broth cultures of the three forms of this strain showed that disappearance of hemolysin was concomitant with accumulation of peroxide; but attempts to demonstrate the destruction of hemolysin by peroxide were unsuccessful. It may be suggested that continued production of peroxide over a relatively long period, as by bacterial metabolism in a culture, is necessary for the destruction of hemolysin and that this condition was not established in the experiments recorded; but this explanation is untenable when we consider that anaerobic cultures of hemolytic streptococci, though unable to form peroxide, lost their hemolysin at the same rate as aerobic cultures which produced peroxide.
It is interesting to note that peroxide is preserved in an acid reaction while hemolysin is destroyed under the same condition; and it might be supposed that the pH of a culture determines the relationship between disappearance of hemolysin and appearance of peroxide, but this explanation seems inadequate because the different forms of hemolytic streptococci were approximately equal in their rate of acid production.
We are therefore forced to the conclusions that the hemolysin of Streptococcus heemolyticus, in contrast to the apparently similar hemotoxins of pneumococci and other bacteria, is not destroyed by oxidation; and that the concomitant disappearance of hemolysin and appearance of peroxide have no causal relationship, though they may both be dependent on some unknown common cause. The passage culture, though hemolytic in the absence of oxygen, establishes some unknown condition in the presence of oxygen which abolishes hemolysin and, when grown symbioticaUy with an ordinary strain of hemolytic streptococcus which is capable of forming hemolysin in the presence of oxygen, it reduces the hemolytic titer of the symbiotic culture either by destroying hemolysin or by preventing its formation.
SUMMARY.
From one strain of hemolytic streptococcus three forms were isolated, which produced three different degrees of hemolysis on the surface of blood agar in the presence of oxygen.
The original form was moderately hemolytic; the glossy variant was more hemolytic than the original form; and the third form, obtained by passing the original culture through mice, was non-hemolytic.
Under anaerobic conditions all three forms were hemolytic. The non-hemolytic passage culture, in the presence of an ample supply of oxygen, not only destroyed its own hemolysin, which only appeared under anaerobic conditions, but was also able to destroy the hemolysin of other cultures of hemolytic streptococci.
It is possible that these observations may throw some light on experiments reported by a number of workers showing that Streptococcus h~molyticus can be transmuted to Streptococcus viridans by animal passage.
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